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(72) [Inventor] 

[Name] Shimamori molten 

(57) [Abstract] 

[Objective] It offers with thing and simple production method w 
hich offer spinel ceramic of thehigh density and high strength 
thing 

[Constitution] Manufacturing method of spinel ceramic which d 
esignates that adding and mixing it does theinside one kind or 
more of composite oxide of rare earth oxide and rare earth 
element and othermetal element in spinel powder, calcines and 
densifi cation it does as feature. 
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[aaim(s)] 

[Qaiml] Spinel ceramic which designates spinel MgAl2CM as 
main component, includes insideone kind or more of ccnposite 
oxide of rare earth oxide and rare earth element and other 
metal element. 

[Qaim2] Spinel ceramic which is stated in Claim 1 where cont 
ent of insideone kind or mere of composite oxide of rare earth 
oxide and rare earth element and other metal element isthe 0, 1 
to 30 weight 0 /* 

[Claim 3] Maraifacturing method of spinel ceramic which desi 
gnates that adding and mixing it does theinside one kind or 
more of composite oxide of rare earth oxide and rare earth 
element and othermetal element in spinel powder, calcines and 
densification it does as feature. 
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[St*ftW] xe*jHr5 5v<rx (M B A 1 2 o 4 ) 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] Window material charge etc wh 
ich is used with high temperature it can utilize thethis invention 
spinel ceramic, ideally in high temperature structural material 
which possesses corrosion resistance and as the translucent 
material. Furtherircre from fact that ^ 
resistance, structural material of nuclear power facility, it can 
utilize this spinel ceramic even in functional material. 

[0002] 

[Prior Art] Spinel ceranic (MgAUOi) because it is a stability ev 
en in scientific with high melting point,wos expected, as high 
temperature structural material which possesses corrosion 
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resistance in additionbecause it is a optical isotropic shape, also 
application as translucent material was expected As Prior Art 
regarding rraraifacturing rrethod of spinel ceramic, 

(1) Method (RJBrat ton , Journal of the American Ceramic Soc 
iety (0002-7820, JACTAW) ,57,283 - 285(1974)) where it 
adds GaO, in vacuum and Ar atmosphere,, itcalcines with kind 
of multiple steps with 1500 to 1600 °C 8-hour with 1 hour and 

1 700 °C to 1 850 °C and makes dense. 

(2) Method which obtains spinel cerairic where by fact thatitc 
alcinesnakinguse of material of AL2G3, with hot press 
strength is Kghwith dense ( Kanzaki Shuzo other things, 
refractory indusriy sotietyrragazine, 87, [5] ,(1979)). 

(3) There is a method (Japan Ihexanrined Patent Publication S 
howa 1 - 296956) which specific surface area it calcines in 
spinel powder includingthe delta alurrina fine powder of 50 to 
400 rrfi/g, obtains spinel sinter of density 95 % or hi^ier. 

[0003] 

[Problems to be Solved by the Invention] When spinel ceramic 
it uses as structural material, it is necessary to obtain thehighly 
strong material with dense, but this was difficult. . With 
above-mentioned (1), atmosphere for sintering and precise 
controlof temperature are necessary, in addition with (2) hot 
press rrethod must beused, because, it is difficult to obtain part 
of complex form In addition with (3), because it is a fine 
powder, handling is not easy, this invention designates that 
spinel ceramic of hi^i density and hi^i strength isoffered and 
that it offers with simple production method as objective. 

[0004] 

[Means to Solve the Problems] There is a $)inel ceramic where 
means of first designates spinel MgAl2CM asthe main 
component, includes inside one kind or more of composite 
oxide of rare earth oxide and therare earth element and other 
metal element. Inside one kind or more of composite oxide of 
rare earth oxide and rare earth element and othermetal element 
adding and nixing it does second means, in spinel powder, 
calcines and there isa rrBnnfacturing method of spinel ceramic 
which designates that densification it does asfeature. 

[0005] 

[Work or Operations of the Invention] 
(1) Promotion of densification 

Dense spinel ceramic can be acquired from when as for spinel po 
wder which adds theoxide powder of rare earth, sintering 
behavior is good in comparison with powder which is not added, 
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calcines Avithsaire condition. Details of cause where sintering 
behavior becomes good are unclear, butthe oxide powder of rare 
earth which is added while calcining is ttougfit thatit 
contributes to densification, from fact that one part or all reacts 
withthe spinel powder, with a some mechanism . 

[0006] (2) Hgh strengthening 

Oxide powder of rare earth is added and spinel ceramic which is 
calcined withthe high strength and becomes something where 
variation of strength is lessinconparison with cerairic which is 
not added Action which oxide powder causes to high 
strengthening is thougftf thefollowing 3. 

Air hole of ceranic interior decreases due to fact that densificat 
ion ispromoted, because destruction which designates this as 
sourcestops happening, becomes high strength. 

Compound which it occurs due to oxide or reaction which itadds 
while calcining, becomes damage of grain growth of spinel 
particle. Therefore as for structure of ceranic which is acquired, 
particle diameteris small, at same time does not include coarse, 
large particle and becomes thecomplete set particle diameter 
relatively. Because of this it becomes high strength. 

Compound which it occurs due to oxide powder particle or reacti 
on after calciningbecomes state which is dispersed to uniform in 
spinel ceranic. This case of destruction it becomes interference 
of crackde\dopment and strength improves. 

As for addition quantity, 0.1 to 30 wt%isgpod When under 0 
.lwt%, there is not an effect in factory of sintering 
behaviorand strength, is more than 30 wt% because sintering 
behavior of oxideitself of rare earth is not good, density 
decreases rather. 

[0007] 

[Working Example and Comparative Example] MgAl2CH powd 
er of specific surface area 10 m2/g and purity 99.9 % and 
additive which is shown inthe Table 1 were designated as starting 
material, spinel "b rami o nix wasproduced with sintering 
method and sintering temperature condition which are shown 
in Table 1. 
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[Table 1] 
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ifcl) ** r7^*ti;. JE#2 0 0 kg f /cm* 
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Density of cerarric which it acquires, result of appraising the fle 
xural strength is shown in Table 2. As far density it showed 
with ratio ( theoretical density ratio) of density. You appraised 
flexural strength, with 3 -point bending strength measurement 
method of lower span 30 mm In addition, existence of crystal 
phase in sinter was verified with theX-ray diffraction 

[0008] 
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As for ceranic No. 1 to 13 which belongs to claims of this inven 
tion, flexural strength 1 8 kgf7rnm2 or greater washigh. 
Especially, as for No. 1 to 1 1, in each case theoretical density 
ratio 95 % or higher washigk in addition also flexural strength 
20 kgf/imc or greater was high. And, when you observe with 
scanning electron microscope, it did not include coarse, large 
particle, ithad become complete set particle diameter. In 
addition, when elemental analysis it does, crystal phase other 
than spinelwas dispersed to uniform 



lf»a*«1 8kg f/mm2lsl±tfl^ofc, ftKNo 
% £fc&lf5££t. 2 0 k g f /mm* W±t*3^-3fc. 



[0 0 0 9] CftlzftU J±»fllJ1?&-BNo. 14tt« 
iD*DftL©fci6, Efti+TttlS Lfc*9^N o. 1^N 

ICTr4CittT5*fc36<3*Kttffi^ofc D *fc % No. 1 
lifi^ofco No. 1 7<D*>=? 5 y^Xtt^JSKftlftl 



[0009] Vis-a-vis this, as for No.14 which is a Corrparative Exa 
mple because of theadditive none, it was possible by fact that 
hot press sintering method is used inconparison with this 
invention No. 1 and No J which are calcined with thesame 
condition to make high density but strength was low. In 
addition, it was possible to make high density, by feet that 
theNo.l5andNo.l6make sintering temperature high, change 
calcining means,but strength was low. ceranic of No. 17 is 
something which adds MgO in place ofthe rare earth oxide, but 
both density and strength it was low in comparisonwith No.5 
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which does additive quantity similarly. Furthermore with this 
exanple, oxide powder was used as starting iraterial,but it is 
good even with metal and nitride etc not just this. 

[Effects of the Invention] Geranic of higji strength and highd 
ensity can be acquired. 
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